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Three-Dimensional Digital Subtraction Angiographic

Evaluation of Aneurysm Remnants after Clip Placement
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Objective : The aneurysm remnants rate was evaluated via three-dimensional digital subtraction angiography (3D-DSA) in the postoperative
evaluation of clipped aneurysms.

Methods : Data on surgically clipped aneurysms of anterior circulation obtained via postoperative 3D-DSA from February 2007 to March 2009
were gathered. The results of the postoperative 3D-DSA and of two-dimensional digital subtraction angiography (2D-DSA) for the detection of
aneurysm remnants were compared, and an investigation was performed as to why 2D-DSA had missed some aneurysm remnants that were
detected in the 3D-DSA. Various surgical factors that revealed aneurysm remnants in the 3D-DSA were also evaluated.

Results : A total of 39 neck remnants of 202 clipped aneurysms {19.3%) were confirmed in 3D-DSA, and these were classified according to Sindou's
classification of aneurysm remnants. Patients with only a neck remnant found in the 3D-DSA represented 17.3% (35/202 aneurysms) of the whole
series, and those with a residuum of neck plus sac found in the 3D-DSA represented 1.9% (4/202 aneurysms). The causes of aneurysm remnants
were no full visualization (14/39, 35.9%), parent and perforator artery protection {(10/39, 25.6%), clip design problems (8/39, 20.5%), and broad-
necked aneurysm (7/39, 17.9%).

Conclusion : Patients with < 2 mm aneurysm remnants showed an increased risk of undetectable aneurysm remnants in the 2D-DSA. The most
frequent location of the missed aneurysm in 2D-DSA was the anterior communicating artery. 3D-DSA showed more aneurysm remnants than

what is indicated in the existing literature, the 2D-DSA.
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INTRODUCTION

The performance of postoperative angiography in patients
with aneurysm after clip placement depends on the sur-
geon's preference, and postoperative angiography is usually
carried out using two-dimensional digital subtraction
angiography (2D-DSA). A partially treated aneurysm,
however, may lead to regrowth and rebleeding, and thus
requires close attention, especially in young patients®"?.
The use of 3D-DSA has recently become increasingly po-
pular in the neurosurgical field” as it provides greater detail-
ed information for the evaluation of cerebral aneurysms

compared with that of standard 2D and rotational DSA®,
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These authors wanted to detect aneurysm remnants more
accurately via 3D-DSA after surgical clip placement to
obtain baseline data for long-term follow-up. Moreover, to
compare the results of the clip placement with those of the
endovascular treatment carried out via 3D-DSAY, it was
thought that the proven rate of occlusion after surgical clip
placement via 3D-DSA should be determined.

MATERIALS AND METHODS

From February 2007 to March 2009, surgically clipped
aneurysms of anterior circulation obtained via postoperative
3D-DSA were gathered. Surgical clipping was routinely
done, based mainly on preoperative multi-slice computerized
tomographic angiography (MCTA), except in some special
cases, and postoperative 3D-DSA data were obtained for
the accurate evaluation of the operation and for the detec-
tion of aneurysm remnants. The medical records of all the
patients were reviewed in detail to retrieve information
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regarding clinical presentations, locations, sizes, and anato-
mical shapes of the aneurysms, as well as the occurrence of
premature rupture, the types, and the numbers of clips.
Surgical video recordings were reviewed in aneurysm rem-
nants cases that were confirmed via postoperative 3D-DSA
to determine their causes. DSA was performed with femoral
catheterization, using the Seldinger technique with a bi-
plane unit (Integris Allura 12 & 15 Biplane; Philips Elec-
tronics, Best, Netherlands). Four-vessel angiographies were
obtained in the antero-posterior, lateral, and bilateral oblique
projections for each catheterization. A non-ionic contrast
material (Visipaque 320; Amersham Health, Cork, Ireland)
was used for each injection. DSA was performed with a 2-
cm field of view (FOV) and a 1024 x 1024 matrix. The
spatial resolution was 2.5 x 2.5 mm. To obtain a three-
dimensional image, 35 mL of the non-ionic contrast ma-
terial was injected into the internal carotid or vertebral artery
with a power injector at 4 mL/s and 500 psi. Another 12
mL of the non-ionic contrast material was injected into the
internal carotid or vertebral artery with a power injector at
3 mL/s and 600 psi. A 180-degree rotational DSA was per-
formed for 8 s. The obtained information was transferred
to a computer (Dell Computers, USA) using a 3D recons-
truction software (Integris 3D-RA, Philips Integris Systems).
A volume-rendering technique was used to render the 3D-
DSA images. The 2D-DSA and 3D-DSA images were then
evaluated, focusing on any aneurysm remnant that may be
present. All the raw 3D data sets were stored on the work-
station’s hard disc, and later in a compact disc. The raw
data sets stored in compact discs can be reloaded in the work-
station for real-time evaluation and new high-resolution
reconstruction. Subsequently, the DSA images of the cor-
responding vascular trees were reviewed on a PACS work-
station to detect aneurysm remnants and their locations.
An aneurysm remnant was defined as a filling with the
contrast medium of its portion greater than 1 mm in size'*'?.
The detected aneurysm remnants were classified according
to Sindouss classification of aneurysm remnant (N-group :
with only a neck remnant found in the 3D-DSA; N + §
group : with a residuum of neck plus sac found in the 3D-
DSA)"™. Two neuroradiologists interpreted the DSA and
3D angiographic image, focusing on finding any residual
aneurysm. The aneurysm remnants found in the 3D-DSA
were measured using an internal digital caliper. The diag-
nostic performances of postoperative 3D-DSA and 2D-
DSA in the detection of aneurysm remnants were compared
via receiver operating characteristic (ROC) analysis, with a
95% confidence interval (CI). The Chi-square test was used
to investigate the statistically significant variables in the
coincidence between the postoperative aneurysm remnants

and the variable factors (clinical presentations, locations,
sizes, and anatomical shapes of the aneurysms, the presence
of premature rupture, and types and numbers of clips). An
investigation was performed to determine why 2D-DSA
missed some aneurysm remnants that had been detected by

3D-DSA.

RESULTS

From February 2007 to March 2009, 285 patients with
subarachnoid hemorrhage were treated at authors’ institu-
tion. A total of 202 patients with 250 clipped cerebral
aneurysms met the inclusion criteria. There were 80 males
and 122 females, and the mean age of the patients was 53.1
+ 17.8 years. Of the said patients, 161 had a single aneu-
rysm and 41 had multiple aneurysms. OF the patients with
multiple aneurysms, 34 had two aneurysms and seven had
three aneurysms. Table 1 lists the demographic features of
the patients and their aneurysms. Surgical clipping and
postoperative DSA were performed within a mean interval
of 21.3 + 17.9 days (range : 3-128). All the patients were
treated with pure titanium clips with various configurations
(Sugita titanium aneurysm clip : Mizuho, Tokyo, Japan;
Yasagil titanium aneurysm dlip : Aesculap AG, Tuttlingen,
Germany).

Using Sindou’s classification of aneurysm remnants, 39
aneurysm remnants were detected (19.3%, 39/202). The
patients with only a neck remnant (N-group) found in the
3D-DSA represented 17.3% (35/202 aneurysms) of the
whole series, and those with a residuum of neck plus sac (N
+ S group) found in the 3D-DSA represented 1.9% (4/202
aneurysms). Four aneurysm remnants (4/39, 10.2%) in the
N + S group required further treatment. Three patients were
successfully treated with reoperation, and one patient was
also successfully treated using the endovascular technique.
Otherwise, in the postoperative 2D-DSA study, 22 aneu-
rysm remnants were detected (10.8%, 22/202) : N-group
in 2D-DSA represented 10.9% (22/202 aneurysms) of the
whole series, and the N + S group in 3D-DSA repre-sented
1.9% (4/202 aneurysms) (Table 2).

Of the 39 aneurysm remnants in 3D-DSA, those with size
greater than 2 mm aneurysms represented 51.2% (20/39)
of the whole series, and 2D-DSA missed three aneurysm
remnants (15.0%, 3/20) that were detected in the 3D-DSA.
2D-DSA missed aneurysm remnants in all three cases as
these were hidden by the multiple clips. The <2 mm aneu-
rysm remnants in 3D-DSA represented 48.8% (19/39) of
the whole series, and 2D-DSA missed 14 aneurysm rem-
nants (73.6%, 14/19) that had been detected in the 3D-
DSA. 2D-DSA missed aneurysm remnants because of such
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Table 1. Characteristics of 202 aneurysms and 39 remnants

variables that coincided with one ano-

Characteristics No. of clippfd Aneurysm ther were the locations of the aneu-
aneurysm (%) remnant (%) rysm, especially the anterior commu-
No. of patients nicating artery (p = 0.027).
Female 122 (@04 ;8 (69) In the ROC analysis for postopera-
Male 80(39.6) 1€03) tive 3D-DSA, the area under the ROC
Total 202 39(19.3) i
Aneurysm location curve and with 95% CI for post-
~ Anterior communication arfery 72 (35.7) 16 (7.9 op6eratlve Z(I))-ESA 265603’843 and
Middle cerebral artery aneurysm 56 (27.7) 1164 0 30 to 1.05 _(P = 0.001), reSP‘?C'
Posterior communication artery 48 (23.7) 1154 tl.VelY- In the Chi-square test, the coin-
Anterior cerebral artery aneurysm 11 (5.4) 1(04) cidence for postoperative 2D'DS.A
Internal carotid artery 15(7.5) 0(0.0) and 3D-DSA was 69.3%. The statis-
Shape of aneurysm on preoperative MCTA | tically significant variable that coin-
Simple 104 (51.4) 16(7.9) cided with remnants was the aneu-
Complex 98 (48.6) 23(11.3) rysm neck size (p = 0.006). The dome
Size (mm) of neck on preoperative MCTA size of the aneurysm and the long
<6 154(76.3) 26(12.8) diameter of the aneurysm sac were
&10 38(188) 0@ not statistically significant (p = 0.371,
>10 1049 4(1.9) 2 =0.068). In terms of surgical factors,
Size (mm) of sac on preoperative MCTA the main cause of aneurysm rem-
<7 17466.1) 31 (153) nants was no full visualization (14/39,
7-12 24(11.8) 629 ] )
35.9%), followed by clip design pro-
13-24 4(1.9 209 bl 8/39. 20.5%). broad led
5 95 000 000 ems ( , 20.5%), broad-necke

MCTA : multislice computerized tomographic angiography

Table 2. Aneurysm remnants on 2D-DSA and 3D-DSA classified by type and size

aneurysm (7/39, 17.9%), parent artery
protection (7/39, 17.9%), and perfo-
rator artery protection (3/39, 7.7%).

2D-DSA 3D-DSA
Type of aneurysm remnants DISCUSSION
N 18 (81.8%) 30 (89.8%)
;\j :Sl 2;1 (:g;;/o) 3;1 (}8;;@ In existing related literature, the inci-
5- eoo(:cne rysm remnants (00w (100%) dences of residual aneurysm range
iz u
0 0/.7:8,13,15:17) i
2mm> Detected 5 case 19/39 (48.8%) from 3 hS % to 13% o T}:lesfe re
2 mm < Detected 17 case 20/30 (51.2%) ports, however, were obtained from
Total 39 (100%) 2D-DSA. Recently, as 3D-DSA pro-

2D-DSA : two-dimensional digital subtraction angiography, 3D-DSA : three-dimensional digital
subtraction angiography, N : only neck remnant, N + S : neck plus sac remnant

remnants small sizes, the presence of clip masses, and the
overlapping with cerebral vessels (Table 2, 3). The mean size
of the aneurysm remnants that had been missed by 2D-
DSA was 1.67 £ 0.24 mm. Patients with <2 mm aneurysm
remnants had an increased risk of having undetectable
aneurysm remnants in 2D-DSA (70%, 14/20) compared
with patients with > 2 mm aneurysm remnants (15%, 3/20)
(p=0.035) (Table 2).

Seventeen missed aneurysm remnants found in 3D-DSA
were located in the anterior communicating artery (11 cases,
64.7%), posterior communicating artery (3 cases, 17.6%),
and middle cerebral artery bifurcation (3 cases, 17.6%)
(Table 3). In the Chi-square test, the statistically significant

vides more information for the evalua-

tion of cerebral aneurysms compared

with the standard 2D and rotational
DSA'", the use of 3D-DSA has become increasingly
popular in the neurosurgical field, especially before and
after embolization"'”. These authors wanted to detect aneu-
rysm remnants more accurately via 3D-DSA after surgical
clip placement to obtain baseline data for long-term follow-
up as a partially treated aneurysm may lead to regrowth4)
and re-bleeding and thus requires close attention*"*?,
Moreover, to compare the results of clip placement with
those of endovascular treatment performed via 3D-DSA"'®
and with the standard assessment of the degree of aneurysm
occlusion, it was thought that the proven rate of occlusion

after surgical clip placement via 3D-DSA should be
determined.
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Table 3. The aneurysm remnants which were missed on 2D-DSA and confirmed on 3D-DSA

Age/ . No.of Remnant  Resultof Undetected cause by Cause of Surgical point
NO. Location _ , , N , Treatment
Sex Clip Size 3D-DSA 2D-DSA incomplete clipping of view

] 52/M ACoA ] 1.9 x 0.5 N Small size Perforator Unavoidable F/U

2 58/F ACoA 2 19x09 N Hidden by clip Perforator Unavoidable F/U

3 57/F PCoA 3 17x18 N Overlapped with vessel Clip design Avoidable F/U

4 45/F ACOA 2 18x13 N Hidden by clip No full visualization Avoidable F/U

5 59M MCA 1 16x08 N Overlapped with vessel Broad neck Unavoidable F/U

6  48/M MCA 3 25x13 N Hidden by clip Parent a. stenosis Unavoidable F/U

7 39/F ACOA 2 17x10 N Hidden by clip Broad neck Unavoidable F/U

8§ 57/M ACOA 2  18x 11 N Overlapped with vessel Clip design Avoidable F/U

9 M ACoA 2 23x10 N+ Hidden by clip No full visualization Avoidable Re-Clip
10 588M ACOoA ] 1.2 x 05 N Small size Parent Q. stenosis Unavoidable F/U
11 50/M ACOA 1 1.8 x 19 N ‘Hidden by clip Parent a. stenosis Unavoidable F/U
12 68/F MCA ] 1.5 x 0.7 N Overlapped with vessel Parent a. stenosis Unavoidable F/U
13 47/M ACoOA ] 14 x 1.8 N Overlapped with vessel No full visualization Avoidable F/U
14 48/M PCoA 1 24x09 N Hidden by clip Clip design Avoidable F/U
15 50/F ACOA 4 15x05 N Small size Broad neck Unavoidable F/U
16 72/F ACOA 1 1.7 x 18 N Hidden by clip Clip design Avoidable F/U
17 41/F PCoA 1 17x05 N Small size No full visualization Avoidable F/U

ACOoA : anterior communicating artery, PCoA : posterior communicating artery, MCA : middle cerebral artery, F/U : follow up, N: neck , N+ S: neck plus sac

It is very important to define what
aneurysm remnant is because its defi-
nition can affect the rate of aneurysm
remnants to be obtained. In this study,
aneurysm remnant is defined as a fill-
ing with contrast medium of its por-
tion greater than 1 mm in size'*'?. The
detected aneurysm remnants were clas-
sified according to Sindou’s classifica-
tion of aneurysm remnants'’. Such
aneurysm remnant classification ena-
bled the authors of this study to come
up with a treatment plan : the N-group
usually needs only follow-up studies as
in their case, the clip is éompletely
across the base of the aneurysm, and
there is a residual neck between the
clip and the arterial lumen; the N + S
group, however, needs immediate
further treatment. The obtained post-
clipping aneurysm remnant rate was
39/202 (19.3%) in 3D-DSA and
22/202 (10.9%) in 2D-DSA. The
results of 2D-DSA are in keeping
with the 3.5-13%"%">">'7 rates documented in the litera-
ture as shown in a recent meta-analysis. Kang et al.'? re-
ported an aneurysm remnant rate of 42% obtained through
3D-DSA. Both results obtained by these authors and by
Kang et al. are far higher than the incidences reported in
the existing literature”®'>'>"”. Further, it can be said that the

: - 5 i%
# ¥
o
@ * @
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Fig. 1. A 59-year-old man harbored an aneurysm on the right middle cerebral artery bifurcation, which has
been clipped and reinforced with cottonoid wrapping. A : Preoperative muti-slice computerized tomographic
angiography shows a borad-necked saccular aneurysm (arrow). B : Postoperative 2D-DSA is performed
78 days after surgical clipping. 2D-DSA shows no remnant (arrow). C : Postoperative 3D-DSA is
performed on the same day, and it shows remnant (arrows) (arrowhead: right M1). D : On the operative
field, bulging portion below clip is shown but lumen stenosis and wide neck held complete clipping. The
bulging portion is wrapped with cottonoid after clipping. The remnants size was 1.8 x 1.1 mm?.

so~called small dog-ear aneurysm remnants were classified as
aneurysm remnants because of the excellent image quality
and the various viewing angles of 3D-DSA. Moreover, 3D-
DSA proved to be better at detecting small aneurysm rem-
nants (€ 2 mm) and anterior communicating artery aneu-
rysms (sandwiched between two A2 arteries and hidden)
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Fig. 2. A 52-year-old man with a residual neck after clipping of an anterior communicating artery (ACoA) aneurysm due to perforating artery arising from the

aneurysm sac. A : Preoperative mutti-slice computerized tomographic angiography shows a saccular aneurysm (arow) on ACoA. B : Perforating arteries (arrows)
arising from the aneurysm sac (arrowhead) are demonstrated in the operative photograph. C : Postoperative 2D-DSA is performed 20 days after surgical
clipping. The remnant is not visible. D and E : Unlike 2D-DSA, 3D-DSA shows a small and residual remnant (arrow). The remnant size is 1.9 X 0.5 mn?’,

than 2D-DSA. The clip mass and overlapping cerebral
vessels in 3D-DSA did not serve as obstacles to the evalua-
tion of the aneurysm remnants; as such, 3D-DSA was useful
in evaluating aneurysm remnants with multple-clip appli-
cation and complex surrounding cerebral vessels.

Some of the causes of aneurysm remnants are unavoi-
dable because of the incidence of a broad neck, parent
artery protection, and perforator artery, but some of the
causes of aneurysm remnants, such as no full visualization
and clip design problems, are avoidable if one pays more
attention to them. For such reason, surgeons should be
more concerned about the sufficient exposure of aneurysm
necks and must use an endoscope to confirm clip place-
ment and design.

In terms of immediate follow-up on aneurysm remnants,
authors were greatly helped by the use of 3D-DSA in treat-
ing one patient with aneurysm remnants that had not been
seen in the 2D-DSA due to the presence of clip masses and
the surrounding A2 vessels. The other three aneurysm
remnants of the N + S group were detected in the 2D-DSA
and were given further surgical or endovascular treatment.
Immediate follow-up angiography for aneurysm remnants
is important not only for the detection of aneurysm rem-
nants requiring further treatment, but also for the collec-
tion of basic data for long-term follow-up. The complete
exclusion of aneurysms from blood circulation is very
important, especially when the patient is young”*?. If an
aneurysm remnant is found, the imaging follow-up must
be planned in relation to the sizes of the rest of the aneurysm
remnants*'>*?. Clearly, the most dangerous type of evolu-
tion is the growth of an aneurysm remnant, as it may even-

tually lead to rupture. Authors have published the role of
MCTA after clip placement in aneurysm patients, based on
a comparison with 3D-DSA. In that study; it was concluded
that patients with aneurysm remnants clipped with a single
titanium clip can be evaluated via MCTA. MCTA is not
useful, however, when multiple clips have been applied and
when the aneurysm remnant is very small (£ 2 mm)”. In
this study, 2D-DSA had missed 17 aneurysm remnants
that were detected in 3D-DSA for various reasons. Among
these was the fact that 11 of the patients were under 55
years old. Follow-up should be performed on them using
3D-DSA because they were relatively young, although the
risk of bleeding from their aneurysm remnants is believed
to be only 1-2%>46%22,

CONCLUSION

Postoperative 3D-DSA showed a higher incidence of
aneurysm remnants than those cited in existing literatures,
which had used 2D-DSA. Although the aneurysm rem-
nants confirmed using 3D-DSA, which had been missed
by 2D-DSA simultaneously, were small and the bleeding
risk was low, the results of this study may be important as
baseline data for long-term follow-up after clip placement.
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